Six blast-resistant pearl millet genotypes, ICMB 93333, ICMB 97222, ICMR 06444, ICMR 06222, ICMR 11003 and IP 21187-P1, were crossed with two susceptible genotypes, ICMB 95444 and ICMB 89111 to generate F 1 s, F 2 s and backcrosses,
| INTRODUCTION
Blast or leaf spot of pearl millet, caused by Magnaporthe grisea (Herbert) Barr [anamorph: Pyricularia grisea (Cooke) Sacc.], has become topic of discussion in scientific platforms as it has emerged as a serious disease in the recent past that challenges both forage and grain production of pearl millet across the globe (Sharma et al., 2013) . In India, the disease takes an epidemic form on almost all high yielding hybrids in certain parts of middle Gujarat, north Gujarat and Saurashtra region (Joshi & Gohel, 2015) . Mild to severe incidence of the disease has been recorded on a number of commercial hybrids in Rajasthan, Maharashtra, Gujarat, Uttar Pradesh and Haryana during recent years (Anonymous 2015).
Earlier, blast was considered as a minor disease of pearl millet; therefore, breeding for blast resistance had not been a high priority as it has been for downy mildew resistance. However, due to its recent high and widespread incidence in major pearl millet growing regions of India, it is essential to breed for blast resistance to develop stable and durable varieties. Although sources of blast resistance in pearl millet have been identified and efforts have been made to incorporate resistance into improved cultivars and elite breeding lines in the USA (Hanna, Wells, Burton, & Monson, 1988) , it is still in a preliminary stage in India. Breeding for resistance to a pathogen is the safest and economic approach to manage a disease in any crop, and it becomes more effective if the inheritance of resistance is well understood. Hanna and Wells (1989) discovered resistance to M. grisea in a weedy relative of pearl millet (Pennisetum glaucum spp. monodii) and found that resistance was controlled by three independent dominant genes. Although inheritance studies for blast resistance in pearl millet in India are in their initial stage, researchers across the globe have reported it to be generally governed by dominant gene(s). Gupta, Sharma, Rai, and Thakur (2012) used resistant restorer and susceptible maintainer lines of pearl millet for inheritance studies against foliar blast and found that resistance in pearl millet genotype ICMR 06222 is controlled by a dominant gene.
Inheritance of resistance is always aimed towards knowing the presence of diverse resistance genes in host cultivars which is of utmost importance to manage any disease either by planting diverse resistance sources in the path of pathogen spread or by pyramiding diverse resistance genes in the elite cultivars. However, so far, no study has been reported on the diversity of blast resistance genes present in pearl millet lines being used in India. Therefore, studies discerning such relationships among resistance genes in pearl millet blast pathosystem are essential in developing varieties and hybrid cultivars with stable and durable blast resistance.
Keeping this in view, this study was planned to study inheritance of blast resistance in different genotypes of pearl millet and the allelic relationship among gene(s) governing resistance in these genotypes to blast.
| MATERIALS AND METHODS

| Magnaporthe grisea isolates and inoculation of pearl millet genotypes
The monoconidial cultures of M. grisea isolates were obtained from culture collection being maintained in Cereals Pathology Lab, ICRI-SAT, Patancheru. The isolates were subcultured and maintained on oat meal agar (OMA) media at 25 AE 1°C. The pathogen isolates Pg 45 and Pg 53 representing two pathotypes of M. grisea adapted to pearl millet were selected for the inheritance study and test of allelism.
An inoculum of each isolate was prepared as per the procedure described by Sharma et al. (2013) . The 6-mm mycelial discs of each isolate were cut from a 7-day-old culture grown on OMA medium at 25 AE 1°C. Mass multiplication of spores for inoculation was achieved by growing each isolate on OMA medium in Petri plates (3 discs/plate) incubated at 25°C with 12 hr of darkness for 7-10 days. Spores were harvested by flooding the plates with sterile distilled water, and the fungal growth containing mycelium and conidia was gently removed using a soft camel hair brush. The spore suspension was adjusted to the desired concentration (1 9 10 5 spore/ ml) with the help of a haemocytometer, and Tween 20 @ 0.02% vol/vol was added to the suspension just before inoculation. The 12-day-old seedlings were spray-inoculated with an aqueous conidial suspension (1 9 10 5 spores/ml) of M. grisea isolates Pg 45 and Pg 53 separately and exposed to high humidity (>90% RH) under misting for 4 days. Blast severity was recorded 6 days after inoculation using a 1-9 progressive scale (Sharma et al., 2013) .
| Plant material
Seeds of pearl millet genotypes were taken from genetic stocks being maintained at Cereals Pathology Lab, ICRISAT, Patancheru. and placed in a glasshouse bay maintained at 30 AE 1°C, whereas for allelism study, seeds of parents, F 1 s and F 2 s of each R 9 R cross were sown in plastic pots for disease screening. The 12-day-old seedlings were screened against M. grisea isolates Pg 45 and Pg 53 separately as described above. Blast severity was recorded 6 days after inoculation using a 1-9 progressive scale (Sharma et al., 2013) .
Based on disease rating, the plants having score of ≤3 were rated as resistant and those with score of ≥4 (typical blast lesions) as susceptible.
| Statistical analysis
The observed ratios of resistant to susceptible plants in the segregating generations were compared with theoretical expected ratios using a Chi square test. The Chi square test (p ≤ 0.05) was used to test the segregation ratio of the phenotypic classes using the program GENES (Cruz, 2001 ).
3 | RESULTS
| Inheritance of resistance
The results of blast reaction in the different generations (F 1, F 2, BC 1 P 1 and BC 1 P 2 ) of each cross against two isolates of M. grisea (Pg 45 and Pg 53) are presented in Tables 1,2 The screening of S 9 R crosses against Pg 45 and Pg 53 exhibited resistance in all F 1 s, best fit ratio of 3:1 R/S in F 2 s, a good fit 1:1 R/S ratio in BC 1 P 1 s and complete resistance in all BC 1 P 2 s, thus confirming the blast resistance to be governed by a dominant gene in all the selected resistant genotypes.
| Test of allelism
The results of allelism study are summarized in Tables 5,6 for Pg 45 No segregation in the F 2 s derived from crosses of R 9 R parents indicated that the same gene is conferring resistance in the selected resistant genotypes to Pg 45 and Pg 53.
| DISCUSSION
Studies on genes conferring resistance to individual pathogen races have been very well defined in many plant species, in particular cereals, where resistance to rusts, mildews and other fungal pathogens is well known (Knogge, 1991) . The pathogen causing blast on pearl millet is highly variable making it essential to com- one isolate of P. grisea due to difference in background (Wilson, Wells, & Burton, 1989) . In addition, as the isolates used to screen different crosses represented two different pathotypes and locations, pattern of inheritance of resistance in the pearl millet genotypes was speculated to be different.
In the inheritance study, the (Deswal & Govila, 1994) . In contrast, nonallelic nature of blast resistance genes in pearl millet landrace accessions from Burkina Faso and Tift 85DB has been reported by Wilson et al. (1989) .
This study undertakes to drive breeding efforts in pearl millet for blast resistance. The resistant breeding lines used in this study
were not intentionally bred for blast resistance indicating natural occurrence of resistance. Although six resistant lines used in this study were of diverse genetic background, they were found to carry same gene for blast resistance against equally diverse patho- For an effective breeding programme, it is imperative to identify diverse resistance genes existing in crop species. This could be achieved by screening the genotypes against diverse pathotypes of the pathogen. Identification of diverse genes for blast resistance in pearl millet has important implications in breeding programmes aimed at pyramiding race/pathotype specific resistance genes into elite breeding lines. Pyramiding of genes is a strategy to develop varieties with durable resistance; accumulation of resistance genes with major effects delays the appearance of new races of the pathogen due to decreased pathogen fitness as more virulence genes would be required to overcome the resistance of the host (Thakur, Rai, Khairwal, & Mahala, 2008; Vanderplank, 1984) . There is a strong consensus across the globe that growing genetically resistant cultivars is the most appropriate and cost-effective means of managing pests and diseases, which is one of the key components of crop improvement (Allen, 1983; Russell, 1978) . Therefore, a potential strategy to maintain disease resistance for a long period of time would be the introgression of several resistance genes in a single cultivar. The results of this study lay the foundation for identification of diverse resistance sources and resistance genes present in them so as to allow for utilization of different resistance genes in the development of effective and durable blast-resistant cultivars.
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